Introduction
Intestinal obstruction is a partial or complete blockage to the passage of intestinal contents through the gastrointestinal tract and is a major indication for urgent abdominal surgery: unless treated properly, intestinal obstruction can be associated with high morbidity and mortality rates. 1 -3 Postoperative abdominal adhesions represent the main aetiological factor for intestinal obstruction, followed by neoplasms and hernias, and the rates of reported causes have been similar across studies conducted over the past 25 years. 4 -6 Although the mortality rate from intestinal obstruction has previously been quoted at 30 -50%, better diagnostic and treatment methods could potentially reduce this to 5 -10%. 7 Adhesions occur in > 90% of patients following major abdominal surgery, 8 and small-intestine obstructions, caused by postoperative adhesions, are encountered in 4 -15% of patients following intestinal surgery. 9 This study was originally given as an oral presentation in the 18th World Congress of the International Association of Surgeons, Gastroenterologists and Oncologists, 8 -11 October 2008, Istanbul, Turkey. Infertility, chronic abdominal or pelvic pain and difficulties on re-operation are other undesirable results of adhesions. 10 Adhesive obstructions that require surgical intervention can be associated with serious complications when surgery for the obstruction is delayed > 48 h. 10 The mortality rate, which is only around 5% in uncomplicated obstruction, rises to 30% in patients with strangulation of the small intestine; 11 in addition, necrosis or perforation are associated with delayed surgical treatment. 11 The most effective way to reduce the morbidity and mortality caused by post-operative adhesions is, therefore, through early diagnosis and appropriate treatment.
The present prospective study was designed to investigate the value of the hyperosmolar water-soluble contrast medium Urografin ® in choosing when conservative treatment might be appropriate for patients with small-intestine obstruction caused by post-operative adhesions. 12 Patients with abdominal pain, distension, abnormal intestinal sounds and vomiting, plus dilated small intestine loops and gas-fluid levels on direct abdominal radiographs, were considered to have intestinal obstruction. Among these patients, those who had previously undergone abdominal surgery were considered to have intestinal obstruction due to post-operative adhesions and were included in the study. Exclusion criteria were peritonitis carcinomatosis, signs or symptoms of peritonitis, age < 15 years, and abdominal surgery in the 30-day period prior to admission.
Patients and methods

PATIENTS
All patients included in the study gave written informed consent and the study protocol was approved by the Ethics Committee of I . zmir Atatürk Training and Research Hospital.
UROGRAFIN ® ADMINISTRATION
Following a diagnosis of small-intestine obstruction due to post-operative adhesions, a urinary catheter was inserted and intravenous fluid replacement was initiated with 0.9% sodium chloride, titrated according to the hourly urine output. Gastric decompression was performed via a nasogastric tube.
Urografin ® (40 ml) (Schering AG, Berlin, Germany) was mixed with 40 ml distilled water and administered through a nasogastric tube, which was unclamped after 1 h. Direct abdominal radiographs were obtained after 2, 4 and 8 h. Patients with contrast medium in the right colon within 8 h following Urografin ® administration were considered to have partial obstruction. Oral feeding was initiated in these patients, even though abdominal radiographs revealed gas-fluid levels.
Patients who did not have contrast medium in the right colon within 8 h continued to be monitored, and oral feeding of clear liquid diet was started in those who did not have toxic signs after 24 h. If fever, persistent abdominal pain or signs of K Atahan, I Aladagli, A Çökmez et al.
Water-soluble contrast medium in intestinal obstruction
peritonitis developed, the patients were referred for surgical treatment.
STATISTICAL ANALYSES
The sensitivity, specificity, positive and negative predictive values of the presence of Urografin ® in the right colon 8 h after administration -as an indicator of conservative treatment for small-intestine obstruction due to post-operative adhesionswere calculated (based on the number of true-positive, false-positive, true-negative and false-negative results).
Results
Thirty-seven patients were included in the study. Patient characteristics and presenting symptoms are given in Table 1 .
All patients had abdominal distension and hyperactive peristalsis on auscultation, and gas-fluid levels and dilated smallintestine loops were observed on erect direct abdominal radiographs. Twenty-three (62.2%) of the patients had previously undergone appendectomy, cholecystectomy or subtotal gastrectomy plus bilateral truncal vagotomy. Information on previous surgical procedures was obtained from patients' medical histories and is given in Table 2 .
Assessments of radiographs obtained after 2, 4 and 8 h following Urografin ® administration, and the types of treatment given, are shown in Table 3 . Contrast medium was observed in the right colon in five patients within 2 h ( Fig. 1 ), in 12 patients within 2 -4 h and in seven patients within 8 h. These 24 (64.9%) patients with contrast medium in the right colon within 8 h following Urografin ® administration commenced oral feeding; stool discharge was observed after 5 -18 h.
Of the 13 (35.1%) patients in whom contrast medium did not reach the right colon within 8 h following Urografin ® administration, 10 of these 13 patients (76.9%) were referred for surgical treatment based on the development of toxic signs: peritoneal irritation was present in seven patients, persistent abdominal pain in nine patients, leucocytosis in six patients and fever in all 10 patients. These patients were operated on within 6 -12 h after the 8-h radiograph. Obstruction due to adhesion bands with proximal dilatation was confirmed at operation. Relief of the obstruction was achieved by adhesiolysis in seven patients, and partial small intestine resection and end-to-end anastomosis was performed in three patients who had areas of necrosis. Infection occurred at the intervention site in two patients who underwent partial resection. No other Conservative treatment was maintained in three (23.1%) of the 13 patients in whom contrast medium did not reach the right colon within 8 h, because toxic signs did not develop. Stool discharge was observed in these patients after 17, 20 and 22 h. Conservative treatment was, therefore, successful in 27 (72.9%) patients, who were discharged without complications. The presence of contrast medium in the right colon within 8 h of administration as an indicator for conservative treatment had a sensitivity of 88.9%, a specificity of 100%, a positive predictive value of 100% and a negative predictive value of 76.9% (Table 4 ).
Discussion
Post-operative adhesions are the most frequent causes of acute small-intestine obstruction in adults. 4, 7, 13, 14 Many attempts have been made to prevent such adhesions, but no effective method has been reported to date. 15, 16 The aetiology of adhesion development is multifactorial and has not yet been clarified. 9, 15, 17 
Water-soluble contrast medium in intestinal obstruction
Adhesive small-intestine obstruction may occur following any type of abdominal surgery. Previous studies have reported that appendectomy and colorectal surgery were the most common causes of adhesive intestinal obstruction. 11,18 -21 In the present study, 62.2% of the patients (n = 23) had previously undergone appendectomy, cholecystectomy or subtotal gastrectomy plus bilateral truncal vagotomy.
The success rate of conservative treatment for ileus caused by post-operative adhesions has been described at between 73% and 90%. 12, 18, 22 The rate was determined to be 72.9% in the present study, which is in concordance with previous studies.
The duration of conservative treatment in patients with small-intestine obstruction remains controversial. Seror et al. 18 reported that this period could be prolonged up to 5 days in patients with intestinal obstruction caused by post-operative adhesions, whereas Sosa and Gardner 10 considered that conservative treatment could be performed for only 24 -48 h, unless there were signs of strangulation. Assalia et al. 22 recommended 48 h, Bizer et al. 23 24 h and Brolin et al. 24 48 -72 h. Hofstetter 25 suggested surgical treatment should be undertaken in obstruction not relieved within 24 h and others have reported that conservative treatment should be limited to 12, 24, 48 or 72 h. 7, 13, 26 Thus, a simple and reliable method to determine the optimum period of conservative treatment is needed.
Serial abdominal radiographs with barium or water-soluble contrast media are often used to plan the management of intestinal obstruction. 12,25 -27 Barium has been utilized for the evaluation of both small-intestine obstruction and the upper gastrointestinal system. It may be preferred to water-soluble contrast media in that it can demonstrate the mucosal pattern, is less dilute and does not have peristaltic effects. 12, 28 Barium may, however, be hazardous in patients with almost complete obstruction as it may stiffen the obstruction area or cause peritonitis by passing into the abdominal cavity in the presence of perforation. 29 The most commonly used hyperosmolar water-soluble contrast media for the evaluation of adhesive intestinal obstruction are Gastrografin ® (Schering) and Urografin ® . These have been used in both prospective and retrospective studies to differentiate whether adhesion-related obstruction is partial or complete, as well as to determine the need for surgical treatment. 22,29 -33 Given that there was no need to assess the mucosal pattern and that water-soluble contrast media do not cause peritonitis even if they pass into the peritoneal cavity, Urografin ® was chosen for the present study. Some studies using hyperosmolar watersoluble contrast media have reported that contrast media can relieve post-operative small-intestine obstruction. 34, 35 Assalia et al. 22 concluded that orally administered water-soluble contrast media enhanced the relief rate of obstructions, but did not affect the incidence of operation. The possible mechanism of this process might be related to dilution of intestinal contents, reduction of oedema in the intestinal wall and an increase in peristalsis in the small intestine due to the hyperosmolarity of the contrast medium. 35 Feigin et al. 27 reported that watersoluble contrast medium had no therapeutic effect in post-operative small-intestine obstruction, but was reliable and beneficial for diagnosis. In addition, Brolin et al. 24 found that the therapeutic effect of watersoluble contrast medium was similar to that of nasogastric decompression. Choi et al. 32 administered Gastrografin ® in patients with adhesive small-intestine obstruction that had not been relieved after conservative treatment for 48 h, and reported that Gastrografin ® reduced the need for surgery in patients with failed conservative treatment. In a study among patients with partial adhesive intestinal obstruction who had not responded to 48 h of conservative treatment, Kapoor et al. 36 reported that Gastrografin ® not only increased obstruction relief but also reduced the need for surgical treatment in the majority of patients. The therapeutic effect of water-soluble contrast medium was not evaluated in the present study; investigations were confined to whether a water-soluble contrast medium could be used as an indicator for the diagnosis of partial obstruction.
In a study by Chung et al. 37 performed with Urografin ® , surgical treatment was suggested for patients who did not have contrast medium in the caecum within 4 h following oral administration. The observation period in the present study was 8 h, with the presence of contrast medium in the right colon within 8 h being accepted as an indicator for conservative treatment. Ten of the 13 patients without contrast medium in the right colon had to undergo surgery due to the development of toxic signs, but the other three patients underwent successful conservative treatment. In the light of this, we do not consider the absence of contrast medium in the right colon within 8 h to be an indicator for surgical treatment. In contrast, in a study by Chen et al. 31 of 161 patients, Urografin ® was observed in the colons of 70% of the patients after 24 h; conservative treatment was applied to all of these patients and they were started on a clear liquid diet. Surgical treatment was given to 96% of the patients who did not have contrast medium in the colon at the • Received for publication 1 July 2010 • Accepted subject to revision 12 July 2010
• Revised accepted 25 October 2010 Copyright © 2010 Field House Publishing LLP end of 24 h. The authors concluded that conservative treatment should be used in patients in whom contrast medium was seen in the colon within 24 h, whereas surgical treatment should be adopted in patients without contrast medium in the colon within 24 h. 31 In a randomized study with Gastrografin ® , Biondo et al. 30 evaluated patients 24 h after its administration. Patients in whom the contrast medium was observed in the colon were started on oral feeding, which was well tolerated. They reported that patients in whom contrast medium was observed in the colon after 24 h were successfully treated in a conservative manner and that the use of Gastrografin ® also shortened the hospitalization period. 30 Oral nutrition was initiated in the present study in patients in whom contrast medium was observed in the right colon by the end of 8 h, regardless of whether their radiographs revealed gas-fluid levels; this was well tolerated. As the present study was not randomized, it was not possible to demonstrate prospectively whether early oral nutrition shortens treatment duration in patients who are conservatively treated in the presence of small-intestine obstruction due to post-operative adhesions.
The complications of using water-soluble contrast media in intestinal obstruction should be considered. Fatal anaphylactic reactions and aspiration were reported by Ridley 38 and Skucas. 39 Trulzsch et al. 40 also reported aspiration pneumonia due to Gastrografin ® . The contrast medium was administered after intravenous hydration in the present study and no complications due to this process, such as shock, fluidelectrolyte imbalance, allergy or aspiration pneumonia, were observed.
In view of the risk of strangulation, surgical treatment should primarily be used for complete obstruction of the small intestine, whereas conservative treatment should be the main choice for partial obstruction. Thus, methods that differentiate partial from complete obstruction are necessary. The present study showed that discrimination between partial and complete obstruction in patients with post-operative adhesive small-intestine obstruction could be achieved by Urografin ® administration. According to these results, conservative treatment and oral nutrition could be recommended for patients in whom contrast medium is observed in the right colon within 8 h following Urografin ® administration, regardless of the presence of obstruction signs. Absence of contrast medium in the colon within 8 h cannot, however, be used as an indication for surgical treatment. In order to assess the value of Urografin ® administration in patients who will undergo surgery, further studies involving more patients and longer follow-up periods are required.
